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The study presented in this report was carried out as
part of the efforts of the Pollution from Land Use Activities
Reference Group (PLUARG), an organization of the International
Joint Commission (IJC), established under the Canada—US Great
Lakes Water Quality agreement of 1972. Funding was provided
through Agriculture Canada. Findings and conclusions are
those of the author and do not necessarily reflect the Views
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Great Lakes, with the aim of elucidating sources, and storage and
transport mechanisms of these elements. In support of these
goals, the main objective of the investigation reported here, was
to obtain reliable analytical information regarding concentrations
of Cu, Zn, Cd and Pb in waters and suspended sediments from the
six watersheds: AG 1 (Big Creek), AG3 (Upper Little Ausable
River), AG4 (Canagagigue), AG5 (Holiday Creek, tributary of
Middle Thames River), AGlO (North Creek, tributary of Twenty Mile
Creek), and AGl3 (west branch of Hillman Creek).
The very low concentrations (Hg/L and sub ug/L) at which
these trace elements are normally found in natural waters neces-
sitated careful execution of sampling and analysis. Central to
the attainment of accurate data was attention to contamination-
prevention, data quality control, and the participation of several
laboratories using different analytical approaches to sample
treatment and measurement. Procedures centering on sub-boiling
evaporation/flame atomic spectrometry, solvent extraction/flame
atomic spectrometry, and direct analysis by electrothermal
atomization spectrometry and differential pulse anodic stripping
voltammetry were applied to water samples, and atomic absorption
and optical emission spectrometry were applied to suspended
sediments and related solid samples. Considering the different
laboratories and methodologies, subsampling steps, and low trace
element levels, good agreement of analytical results was realized
for a large number of samples. The outcome of these extensive
experimental deliberations was a body of data from which were
extracted fairly reliable estimates of total, dissolved and
suspended sediment-contributed trace element concentrations.
I For the 11—21 samplings, during 1976 (including four
during the Spring of 1977) of streams draining the six water-































































































(concentration range 2—l9,000 mg/L, median 20 mg/L, defined
as that fraction of stream water components retained on 0.45


























































of total element concentrations and (medians i standard errors)
(pg/L) in stream waters were: Cu, 2.2—445 (3.9 i 2.6); Zn, 4.3—




Levels of these elements in dissolved form Were generally
found to be independent of suspended sediment concentration
over the range 10—19000 mg/L, but levels contributed by the
suspended sediment were proportional to the sediment load of
the stream. For Cu and Zn, the proportion of the total element
concentration, associated with particulate stream material,
increased with suspended sediment concentration over the range
ca 0—100 mg/L and thereafter remained constant at pg 80—90%.
TH waters with low suspended sediment levels, below Ea 20 mg/L,
the majority of Cu and Zn is transported in dissolved form,
whereas the suspended sediment accounts for most of the trans—
port of these trace elements at higher particulate loads. The
very low levels of Cd and Pb in natural waters, coupled with
the experimental difficulties associated with their measurement,
preclude firm conclusions regarding these elements.
Trace element concentrations in water samples, determined
by acid leaching or solvent extraction treatment of the aque-
ous sample, without complete dissolution of the suspended
sediment, approached total concentration values determined by
complete destruction of particulate matter when suspended
sediment levels were low, but were more deviant at higher sus—
pended sediment loads. The former, however, were always
lower than total levels, but were generally reasonable estimates
of total concentrations.
The nature of the suspended sediment seemed to depend
on its concentration in the water. Both solubility and amount
of trace element leached-out by acid increased with decreasing
suspended sediment load, suggesting a change in the physical
and Chemical character of the particulate material with its
concentration in the stream. There was also a hint that the
concentration of Cu and perhaps other trace elements in the








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The primary objective of project 9 was to determine and
assess the relationship between concentrations of selected
heavy metals in stream waters, suspended sediments, bottom
sediments, and soils within selected agricultural watersheds
draining into the lower Great Lakes, with the aim of eluci-
dating storage and transport mechanisms. In support of the
goals of project 9, the objectives of the investigation
reported here were:
(1) To assess, develop and adapt analytical methodo-
logy for the determination of trace and ultratrace
levels of copper, zinc, cadmium and lead in water
and suspended sediment samples.
(2) To obtain reliable analytical information regarding
concentrations of these metals in waters and sus-
pended sediments from six watersheds selected by
PLUARG for intensive study.
(3) To assess relationships between metal concentrations
in dissolved and particulate forms and to elucidate
metal transport and storage mechanisms.
All of these goals relate to the overall objective of PLUARG
in the agricultural watershed surveys, task C, activity 1
(International Reference Group on Pollution of the Great
Lakes from Land Use Activities (Land Drainage Reference Group)
1974): "to obtain data on the inputs of pollutants into the
Great Lakes Drainage System which have their.origin in the
complex land use activities known as agriculture", and to
the detailed objectives:
Phase II (Detailed Studies Program)
(1) To determine the effects of the soil, land use and
associated practices on ambient concentrations and
loading rates of selected pollutants from agricu-
lture. \
(2) To derive information on the mechanics of transport








































































































































































































































































































































































































































































































































































































































































































































































element concentrations and suspended sediment levels were
established, information was gleaned regarding the physical
and chemical nature of the suspended sediment, and conclusions
were formulated regarding the mode of storage and transport
of these trace elements in stream waters. It was expected
that the analytical data would be useful to other objectives
of project 9 dealing with relationship between trace element
levels in water components and bottom sediments and adjacent
soils, and cOrrelations of mineralogY, Clay content and
organic matter content of suspended sediment, bottom sediment
and soil with respective metal concentrations. As much infor—
mation was generated by the investigation described in this
report, it was mutally decided among the project leaders in
project 9, that two separate reports would be issued, one by
Whitby, MacLean, Schnitzer and Gaynor (1978), referred to as




Agricultural areas and the six representative agricul—
tural watershed chosen by PLUARG for intensive study are
located on the map of southern Ontario depicted in figure 1.
More detailed maps of locations and watershed boundaries may
be found in Frank and Ripley (1977). Brief descriptions of
the watershedsare given in Table 1; detailed documentation
regarding descriptions of the agricultural areas and the
small representative watersheds, including climatic zones,
soil types and potential for pollutant transfer to water
systems, agricultural land use inventory, and fertilizer use
is available in other reports (Agriculture Canada 1974, 1975;





















































































































































































































































































































































































































































































































































































































































































































































































SAMPLING SITES AND SAMPLE COLLECTION
Stream water sampling sites, one in each watershed for
all sampling during 1976 and 1977, were selected near the out-
let sites of the streams from the watersheds and were usually
0n the upstream side of the bridges traversing the streams,
at the gauging stations. Locations of the sampling sites are
listed in Table 2. Drainage systems of each of the six water-
sheds and map locations of the water study sites are depicted
in Figures 2—7. The sampling sites for water samples for
this project are fairly well identical to the sites from which
water and bottom sediment samples were taken for projects 9A
(Whitby et al., 1978) and 8 (Wall, 1978). Detailed descriptions
of the sites and surrounding areas and exact locations of
water (and therefore suspended sediment) and bottom sediment
sampling sites were providedby K.L. LaHay. Parameters deter-
mined at the collection sites during sampling included stream
velocity,width and depth, water temperature and pH, and
dissolved 02 and C02. Details of collection and parameter
measurements are available from G. Wall. Attempts were made
to collect water samples during low andhigh flow conditions
and several "event" samples were collected.
For estimation of trace metals at the ug/L levels, posi-
tive or negative contamination
handling, sample treatment and
of continual concern, and care
many steps of the sampling and
glass and plastic ware used in
came in contact with the water
of the sample during sampling,
determination is a problem
was exercised at each of the
analytical procedures. All
collection and analysis, which
samples (with the exception of
membrane filters used in the field) were acid cleaned prior
to use. This was accomplished
by contacting the item with
l M reagent grade HN03 for at least 24 hr, and thoroughly rin—
sing with distilled or deionized water.
of water samples were left filled with deionized water until
required in the.field; they were then drained, recapped and
shipped to the samplers in Guelph.
Containers for collection
and storage of water samples were typically 1 L white, linear
polyethylene,
(LPE), narrow neck bottles with polypropylene










































































































































































































































































































tents of the latter vessel were agitated prior to dispensing,
to redisperse suspended sediment. Two acids, reagent grade
HNOg, and HCl were used for sample preservation, with 2 ml
of the 1:1 acid being dispensed into the l L sample imme—
diately after collection. Quadruplicate unfiltered water
samples were usually collected, one half acidified with each
preserving acid. Hydrochloric acid was the necessary matrix
for analyses by anodic stripping voltammetry. Samples col-
lected in 1977 were shipped unacidified; acidwas added to
one half of the samples in Ottawa.
Field-filtered samples were prepared as follows: Four
Sartorius polycarbonate 250 ml capacity filtering apparatuses
(no. SM 16510) were assembled in tandem and fitted with
Sartorius 47 mm diameter, 0.45 pm pore size cellulose acetate
membrane filters (no. SM 11106.047). The collection vessels
were rinsed with the filtered water samples, 1 L of filtered
water was collected by the application of vacuum with a hand
pump, poured into a rinsed (filtered water) polyethylene bot-
tle and acidified with HNOg. This procedure was repeated
with new membrane filters, and the collected filtrates were
acidified with HCl. Membrane filters were removed and placed
(in pairs with sediment sides in contact) in polyethylene—
lined bags.
Duplicate l L volumes of distilled water were similarly
filtered, and two other 1 L aliquots of distilled water were
poured from the storage vessel into collection bottles to pro—
vide respectively,
filtered and unfiltered quality control


































































 samples one or two each preserved with HN03 and HCl, one fil—
tered natural water sample preserved with HN03, one filtered
natural water sample preserved with HCl, two unfiltered and
two filtered distilled water samples, one of each preserved with
HN03 and HCl, eight membrane filters containing suspended sediment
from the duplicate filtering of natural water, and eight membrane
filters from the duplicate filtering of distilled water. In
addition, seven blind replicate natural and distilled water
samples were sent to the Ottawa laboratory as part of the
quality procedure requested by PLUARG. Samples of the two
acids used for field preservation, added to aliquots of pure
deionized water supplied by the analytical laboratoryat CBRI,
and samples of the cellulose acetate filters used in the field
were also forwarded to Ottawa for determination of contamina—
tion levels. A total of 140 natural water samples, 100 dis—
tilled water control samples, and 30 suspended sediment—on—filter
samples (120 filters) were received for analysis. Thebulk
of these represented sampling during l976; several were obtained
during the 1977 Spring run—off. The few samples collected in
1975 were used for preliminary analyses.
CHEMICAL ANALYSIS
 
Of all the steps taken to insure analytical data of some
reliability, most important to this study was the involvement
of three other laboratories using several independently dif-
ferent analytical methods. Methodologies used for water and
sediment sample analysis, and cooperating principal investiga—
tors are listed in Table 3. Descriptions of these analytical
approaches and other facets of the experimental work are given
below.
Experimental Procedures in C.B.R.I. Laboratory
Subsampling of Water and Suspended Sediment Samples
Some time after receipt from the field, water samples
were subsampled in the author's laboratory to provide aliquots
of identical samples for analysis by the four laboratories
participating in water analysis (Ihnat, Stoeppler, Berman and
Gaynor). Samples were removed from cold storage, shaken to
redistribute settled sediment, and suitable portions were
poured into 60—200 ml clean, LPE bottles after rinsing with
sample solutions. Five hundred + ml of each sample was retained,
usually in the original container, for analysis in the author's
laboratory; the other subsamples were shipped to the three other
laboratories. One half of the natural water samples and 15%
of the distilled water control samples were subsampled.
Suspended sediment and residue samples were generally







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cu, Zn, Cd and Pb of 324.8, 213.9, 228.8 & 217.0 nm respectively,
and read on the digital read—out meter using a scale expansion
of 10x and typically a 10 sec integration period. All readings
were corrected for non—atomic absorbance by simultaneous use
of a H2 hollow cathode lamp (Varian Techtron) operated at a
current to match emission intensities of the analyte lamps.
In a typical atomic spectrometric determination, six com—
posite standard solutions containing 0-1000 ng/ml of each of
the four elements, and quality control samples Q1, Q2, AA, and BB






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































were cleaned by inserting 4—5 together into a filter holder,
filtering through, 200 ml 1 M HN03 to fill pores with acid,
and soaking in l M HN03 for two days. They were then rinsed
with water, by filtration, to remove acid from the pores, and
soaked in water until used. The filtration procedure for
natural water samples was as follows: Three filter holders
were connected in series and to a water aspiratorpump, and
each was fitted with a clean filter. Each filter was rinsed,
by filtration, with 250 ml water and then in turn with the
same 50 ml aliquot of natural water sample (agitated to
redisperse settled sediment). The remainder of the l L sample
was then filtered in three equal portions through the three
filters, the filtrates were pooled and acidifed with 1 ml of
cone. HN03. In cases where filtration slowed considerably
due to Clogging of pores, new filters were inserted to complete
the filtration; 1% to 3 hrs. and 3—6 filters were required
for each of the four samples. Filters plus contents were
dried at ca 70°C, and suspended sediment concentrations in
the waters were computed from the weights of dry sediments
and total volume of water filtered. Tests with four dif-
ferent sediments showed that drying at 70°C gave weights
within 2-3% compared with drying at 1100C.
_























































































































































































































and a number of samples were analyzed in duplicate to cal—
culate precision and detection limits. Several USGS rock
samples were also processed to get estimates of accuracy.
For determination of element levels by flame atomic
absorption spectrometry, instrumental parameters and pro—
cedures were similar to those described above except that
solution aspiration rate was reduced to ca 3 ml/min to




























































































































































































































































































































































































Perkin-Elmer Heated Graphite Atomizer/Atomic Absorption
Spectrometry - M. Stoeppler
Electrothermal atomization measurements for Cu, Cd and















































































































































































































































































































































































































































































































































































































































































































































































































the full capability of the method.
Differential Pulse Anodic Stripping Voltammetry with
Hanging Mercury Drop Electrode (DPASV/HME), and with
Mercury Film Electrode (DPASV/MFE). — M. Stoeppler
and P. Valenta
 
Concentration data for early analysis of a small number
of samples was obtained using the DPASV/HME technique. All
other (the bulk) analyses were done with the technique of
DPASV/MFE (Nﬁrnberg e; 21. 1976, Valenta et a1. 1976) using
an adapted Polarographic Analyzer Model l7ZA—TPrinceton
Applied Research) in connection with a Hewlett-Packard X-Y
recorder Model 7004B. The sensitive rotating mercury film-
coated glassy carbon electrode was a modified construction
of Sipos, Magjer and Branica (1974). Both HNO3-and HCl—
preserved sample solutions were analyzed, with the latter
acid matrix preferred, and results were provided for Cu,
Cd and Pb. All analyses were done in duplicate, and again,
only supernatant liquid of unfiltered natural water samples
was sampled.
-20-
 Varian Techtron Carbon Rod Atomizer/Atomic Absorption
Spectrometry - S.S. Berman and A. Desaulniers.
Measurements for all four elements were conducted with
a Varian Techtron electrothermal atomizer, CRA 63, with a
modified Model AAS spectrometer using 5 pl injections. All
solutions were analyzed with no treatment except dilution of
those too concentrated for this technique, and those samples
with insolubles were analyzed by sampling only the superna-
tant liquid. Calibration was done with standards of the
elements prepared in 0.1 M HNOg.
A total of 12 measurements
on each of the five standard solutions were made each day
and the 60 points (with rejections of odd outliers) were
fitted with regression curves. Points for Cu, Cd and Pb
were fitted with linear regression lines while a quadratic
fit was used for Zn.
Each sample was analyzed four times
sequentially and averaged absorbances of these four firings,
with no rejections,
were used to calculate element concen—
trations.




using a H2 hollow cathode lamp, operated simultaneously,
was
applied for Zn, Cd and Pb in 33 2/3 of the samples using a
custom—made background corrector.
When element levels are
very low, multiple 5 pl injections were made with drying in-
between, and absorbances were read from calibration curves
prepared in an identical manner.
Solvent Extraction/Flame Atomic Absorption Spectrometry -
J.D. Gaynor
The metals Cu, Zn, Cd and Pb were determined by direct
solvent extraction from water samples and flame atomic spec—
trometry (Gaynor, 1977).
They were concentrated le in a
separatory funnel from 100 ml of water with an extracting
solution containing 0.4 g dithizone, 6.0 g quinolinol, and
200 ml acetylacetone
in l L n—butylacetate.
Twenty ml of 5%
ammonium tartrate and 2 drops of p-nitrophenol indicator was
added and the sample adjusted to pH 6 with 1:2 NHLOH or
tartaric acid crystals.
The water sample was saturated with
2 ml n-butylacetate after which 8 ml of the extractant was
added?
The mixture was shaken one minute and the aqueous phase
discarded after separation for 20 min.
The organic phase was
permitted to stand 10 min and the remaining aqueous phase dis—
carded.
The stem of the separation funnel was dried with a
filter paper and the organic phase diluted to 10 ml and analyzed
by atomic absorption spectrometry.
Organic standards were pre-
pared by adding metal of known concentration to 100 m1 deionized
water and extracting as
indicated for samples.
Organic solutions


















































































































































































































































































 Table 3. Analytical methods for water analysis
Description Principal investigators Code
Analysis of water samples
Heat evaporation/ M. Ihnat and A.D. Gordon Evap/FAAS(l)
flame atomic CBRI, Agriculture Canada
absorption spectro- Ottawa
metry
Perkin—Elmer heated M. Stoeppler HGA/AAS(2A,ZB)
graphite atomizer/ Institute for Chemistry, 4
atomic absorption Nuclear Research Centre
spectrometry Juelich, Federal Republic
of Germany





Differential pulse M. Stoeppler and P. Valenta DPASV/MFE(3B)
anodic stripping
voltammetry with
mercury film electrode ‘






















Analysis of sediment samples
M. Ihnat and A.D. Gordon




































































































Figure 2. Drainage system
and location of water sam-
pling (A) site in agricul-
tural watershed no. 1.




AGRICULTURAL WATERSHED #3. UPPER LHTLE AUSABLE (HURON COUNTY)
PART OF AUSABLE DRAINAGE BASIN
Figure 3. Drainage system






























































































































































































 AGRICULTURAL WATERSHED #5.HOLIDAY CREEK (OXFORD COUNTY)
PART OF MIDDLE THAMES DRAINAGE BASIN
-27-







































































































































































































































































   
  
  














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The proportion of the element carried by the suspended
sediment, expressed as a percentage of the total concentration
in the stream water, is plotted as a function of the suspended
sediment level in Figure 19. Something regarding the mechanism
of metal transport can be said by reference to these plots.
For Cu and Zn, the proportion of the total element leVel associ-
ated with particulate stream material, was obServed to increase
with suspended sediment concentration over the range ca 10—100
mg/L, and thereafter remained constant at 80—90% up t5_740 mg/L.
These proportions would be expected to increase slowly with
sediment load to approach 100% at high sediment levels as sug—
gested by the 19000 mg/L point. The two curves cross 50% at a
suspended sediment concentration of ca 20 mg/L. Thus, in waters
with low suSpended sediment levels, 5510w ca 20 mg/L, the
majority of Cu and Zn is transported in the dissolved state,
whereas the particulate material accounts for most of these trace
elements at higher suspended sediment levels. Rather large
errors arising from experimental uncertainties and propagation
of error for the quotients, however, suggest that these conclu-
sions be accepted with reservation. No such trends were noticed
for Cd and Pb; the very low levels of Cd and Pb in natural waters,
coupled with the experimental difficulties associated with their





















1eached suspended sediments) on a dry basis are listed in Table 10.
Ranges of concentrations (pg/g) for samples from the six water-
sheds were found to be 0.0 - 16.9 for Cu, 4—300 for Zn, 0.0—4.3

























































































































































































































































































































































































































































































































 Table 4. Suspended Sediment and residue concentrations in
waters of agricultural watersheds 1, 3, 4, 5, 10 3
and 13.







290376 71(2) 8 30.0(2) 1.3
260776 11(1) 12 74.5(4) 1.0
051176 80(5) 5 26.0(1) 1.9
130377 740(1) 10 532 (2) 6.4
Watershed A63
050476 10(1) 12 —
080676 16(3) 7 0.8(1) 0.7
190776 15(3) 7 3.6(5) 0.3
141076 64(3) 7 6.2(4) 0.4
Watershed AG4
260376 329(2) 8 228 (1) 9
010676 - 1.0(7) 0.3
120776 47(3) 7 16.8(1) 1.9
071076 13(3) 7 13.5(3) 1.1
Watershed AGS
310376 2(1) 12 -
030676 12(1) 12 2.0(1) 0.7
150776 16(4) 6 14.4(2) 1.3
210776 33(4) 6 28.5(2) 1.0
250876 7(2) 8 ~0.6(3) 0.4
051076 11(1) 12 0.9(2)d 0.5
250377—1 19.0 x 103(1) 13 4 x 103(est)
250377—5 350(1) 10 247 (2) 6
Watershed AG10
300376 125(2) 8 118 (2) 1
020676 31(2) 8 -
140776 48(4) 6 23.8(1) 1.9
121076 79(2) 8 42.4(2) 1.3
Watershed AG13
290376 6(1) 12 4.6(2) 0.5
270776 9(2) 8 5.6(4) 0.4
041176 9(3) 7 12.5(2) 1.3
030377 685(1) 10 466 (2) 6
(a) Data have been averaged over 1-4 subsamples and analyses by
1-3 laboratories.
(b) Means of selected values obtainedin 1—3 laboratories.
(c) Residue refers to solid material remaining after evaporation of
acidified water sample to a small volume. All data are for
unfiltered water samples and therefore represent acid—leached
suspended sediments. Weights of residue obtained have been
converted to a concentration in the original sample volume. Deter—
mined by M. Ihnat.
(d) Rough estimate based on relationship, residue level = 0.70x































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































260376 10.5 1.0 36




























































































































































































































































































































































































































































































































































































































































































































































290376 - 7.0 2.9 0.00 0.05 0 1 0.2
270776 2.3 1.8 - — O 0 0.2
041176 2.0 1.8 — 0.05 0.05 0.1 0.2
030377 5.6 2 0 4.1 1.3 0.41 0.04 0 8 0.5
a
These are estimates of trace element levels in water filtrates
passing through 0.4 — 0.45 um filters, representing "dissolved"
concentrations.
Concentrations, X, measured in filtered water samples have been
corrected for estimated filtration procedure contamination based on
levels found in distilled and deionized water control samples, to
give the data reported here. Standard errors reported above were
calculated by propagation of error formulas from errors in i and in
the correction factors. Refer to Table 40 and Appendix II for
details.
_q0-
 Table 8. Total Concentrations of Cu, Zn, Cd and Pb in waters of
agricultural watersheds 1, 3, 4, 5, 10 and 13a
Watershed Mean concentration i standard error, s//n, ug/Lb
and
sampling date
Cu Zn Cd Pb
: i i :
Watershed AGl
290376 - * — - - ~ 2.5 1.9
260776 4.8 1.7 17.2 4.9 0.04 0.04 3.0 0.8
051176 5.6 2.0 8.0 1.0 0.03 0.02 2.7 0.9
130377 32.8 5.1 252 43 1.44 0.52 28.7 13.6
Watershed AG3
050476 - - - - - — - -
080676 — - - ~ - - — -
190776 - - - — - - — —
141076 2.2 0.7 4.3 1.0 0.07 0.02 1.1 0.8
Watershed AG4
260376 37.5 10.7 58.2 19.4 0.29 0.02 45.6 12.8
010676 — ~ - - ~ — - —
120776 3.9 2.6 7.2 3 9 — — 8.7 2.0
071076 2.3 0.7 10.6 3 5 0 14 0 05 1.4 0.7
Watershed AG5
310376 - — - — — — - -
030676 — — — - - - - -
150776 3.1 0.7 11.1 1.1 0.05 0.02 1.2 0.7
210776 3.7 0.8 11.2 3.5 0.06 0.02 4.6 0.8
250876 - - — — - — — -
051076 — — - — - — - -
250377—1 445 >26 2500 500 13.4 >l.9 433 257
250377—5 11.6 1.9 64.0 9.9 0.37 0.24 13.5 6.5
Watershed AG10













































































































































































































































































































































































































































































































Cu 23 — 119 16 52 i 5
Zn 50 — 290 16 165 i 39
Cd 0.1 - 7.9 13 1.1 i 0.8
Pb 21 — 280 16 70 i 36
Concentration of trace e1ement in residue, ug/g
Cu 0.0 - 16.9 16 9.0 i 1.8
Zn 4 — 300 15 30 i 13
Cd 0.0 — 4.3 15 0.0 i 0.2
Pb 0 - 98 17 16 i 12
a Range of mean concentrations, one per samp1ing date, found in samp1es
from the six watersheds.
b Tota1 number of associated samp1ing dates.
c
Standard error is the error associated with the median va1ue or the 1arger
of the errors of the two va1ues averaged for the median; it does not re1ate




















































































































































































































































































































































































































































































































































of suspended sediment concentration.
-46..
       





















































































































































































































































































































































































































































































































































































































































































































































































































































































         
I I I I
I I I l
I I I I
I I I I I I T I
I I I I



























+ ++ + + ++
+ + ++ °+ + + +
O r— .
DISSOLVED 0.57 0‘,“








I I I I I I I I I I I I I I I I L I I I I I I I I I
AG1 AG3 AG4 AGS A610 A613
WATERSHED AND SAMPLING TIME
Concentrations of dissolved and total cadmium and suspended sediment
in water samples from the six agricultural watersheds.
Each point




































































































































































































































































































extractable concentrations, denoted 0, have been included as esti-
mates of total concentrations.
-50-
 I I ' ‘ I I T






















































































































































































































































































































































cultural watersheds l, 3, 4, 5, 10 and 13.
-52-
  





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 DATA ANALYSIS AND INTERPRETATION
DISCUSSION OF RESULTS AND DATA INTERPRETATION
Prior to dealing with analysis and interpretation of the
data obtained in this study, a brief discussion of data relia-
bility and comparability might be appropriate at this point.
As sound conclusions rely intimately on sound data, and inorganic
analyses at trace and ultratrace levels are subject to errors
from a multitude of sources, emphasis was placed on data quality
control. Of all aspects of quality control, the incorporation
of well characterized reference materials with accurately known
analyte levels is the simplest and ultimate techniqueby which
to gauge analytical method accuracy. Although reference solu—
tions of metals in aqueous acid solution (EPA) were available
and used for method testing, no reference natural water samples
were available. We therefore resorted to an alternate technique
for quality control involving independently different analytical
methodologies and analysts in several cooperating laboratories
of which three (Stoeppler, Berman and Russell) were very expe—
rienced in analytical chemistry and analysis of natural waters.
The premise was that concordance of analytical results for
subsamples of the same sample, from diverse methods suggests
confidence in the reliability of the data for that sample.
Whether the same confidence could be transferred to the actual
stream components is another question dependent on sampling
and sample handling prior to analysis; this aspect was at least



































































































































































































































































































































































































































































































































































































































































































































































































































































































are generally in fair agreement with those reported by OME.
That better agreement was not realized for such an easily
measurable parameter (cf, however, McGirr 1974), might stem
from imprecision of measurement but also from the dependence
of suspended sediment level on stream flow and thus time of
sampling. Comparison of our data with data from project 9A
are not strictly valid as values from the latter were used
to arrive at averages for the former.
Values for the contributions of suspended sediments to
concentrations of Cu, Zn, Cd and Pb in waters of four of the
watersheds (Table 6) agree within 93 ~80 to +200% (referred
to our values) with the corresponding data reported by Whitby
et al. This is considered to be good agreement considering
the independence of analysis and the severe limitations
imposed on us by having to analyze very small samples in the
ca l-30mg range. Comparability of dissolVed and total concen-
trations of trace elements between the two studies, however,
is not as encouraging. The two sets of data are discordant
With variations between corresponding results ranging from
Ea ~100 to +15000% referred to our values. Concentrations
of Cu, Zn and Pb in dissolved form reported by Whitby et al.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and the Cu value also agrees
excellently with the 2.24 ug/L obtained from the work of
Silker,
1964.




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































reported no significant differences in
trace element contents of different size fractions of bottom
sediment from one river, and Angino (1974) reported the compos-
ition of stream water and sediment to be discharge independent.
Our observations, in conjunction with some of the literature
reports, suggest decreasing particle size with decreasing sus-
pended sediment concentration.
Garrett and Hornbrook (1976) found a strong relationship
between Zn and organic content in lake bottom sediments, with
the concentration of the element increasing with increasing
organic content, estimated from loss on ignition, over the
range 0—12% loss on ignition. With this information we may
speculate increasing organic content of suspended sediments
occurring at decreasing sediment levels in stream waters.
It
is interesting to observe the similarity of the three sus—

































































































































































































































































































































































































































in normal—flow water samples.
Due to scarcity of data, concentrations of dissolved
and total trace elements and suspended sediments presented
in Figs. 11 to 14 cannot be related to watershed and sampling
time. Much more representative information for each water—
shed gathered from a more detailed sampling program covering
normal and event flows is needed to characterize the dif-
ferent streams. Relations between trace element concentra—
tions and suspended sediment levels evident in these Figs.
are brought out more clearly in Figs. 15-18 where total,
dissolved and suspended sediment—contributed trace metal
concentrations are plotted as functions of suspended sediment
concentration over all the watersheds. Whereas total and
suspended sediment—contributed trace element levels are
dependent, as might be expected, on suspended sediment con—
centration, dissolved levels of Cu, Zn, Cd and Pb are
strikingly invariable with suspended sediment concentration
over the range Ea 10-740 mg sediment/L and even up to
19000 mg/L. Similar observations of the_independence of
dissolved trace element levels on concentration and com—
position of suspended solids have been reported by Turekian
and Scott (1967), Kharkar 23 El. (1968), Turekian (1971) and
Angino (1974), and determined by the author from data reported
by Silker (1964). In both this work and literature reports,
dissolved trace element levels exhibit scatter about median
values. It would be of interest to seek out the parameter
correlated with this and ascertain whether unattainment of
equilibrium (Turekian, 1971), among the dissolved and
particulate fractions of stream waters is a factor responsible
for extreme values.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Data collected OVer a one year period from a study of
the six agricultural watersheds l,3,4,5,lO and 13 lead to
the following conclusions:
(1) Ranges of concentrations (pg/L) of Cu, Zn, Cd and
Pb in dissolved form in stream waters from the six watersheds
were found to be 0.5—18.5, 0.l—ll.4,0.00—O.57 and 0.0—13.l
respectively, with median concentrations i standard errors of
2.0il.8, 3.li2.7, 0.07i0.06 and O.l:0.2 respectively. With
the exceptions of several high values, concentrations of these
dissolved trace elements were invariable over watersheds, and
suspended sediment levels.
(2) Suspended sediments with a concentration range 2—
19,000 mg/L and a median of ca 20 mg/L, contributed (ug/L)
0.3-437 of Cu, 1.3-2850 of Zn, 0.00—ll.4 of Cd and 0.3—399
of Pb with corresponding medians : standard errors of 4.3:0.5,
9.li2.6, 0.09:0.06 and 3.l:l.l ug/L. Ranges of total concen—
trations and (medians i standard errors) were Cu: 2.2—445
(3.9i2.6); Zn, 4.3—2500 (17.2i4.9); Cd, 0.03—l3.4 (0.08i0.02);
Pb, 0.9—433 (3.7il.0) ug/L. Total and suspended sediment—



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mechanisms of transport delineated in other studies.
 
 (ii) Levels of Trace Elements in Streams. Much more
accurate and representative concentration data are required
to get a grasp of the partition of trace elements, such as
Cu, Zn, Cd and Pb, between suspended and soluble forms. In
particular, should one be interested in trendsof trace element
 
levels with time, that is, comparisons of future data with
the present information to monitor effects of changed land uses
and anthropogenic pollution, then very accurate data indeed
is a prerequisite for any serious comparisons. Much data in
the literature in respect of low trace element levels in
natural waters (and other systems) is either suspect, or the
result of insufficiently detective methodology, and it is
only with the work of recent years that we have begun to
approach some degree of reliability in this area. It is very
difficult if not impossible to follow trends with time using
information with a spotty reliability record. It is difficult
enough to generate good data let alone look for differences
between them. Levels of Cd, for example, reported 10 years
ago as <10 ug/L cannot be related to levels found today in
the vicinity of 0.01—0.l ug/L. Detection limits for trace
elements suggested by PLUARG to be at the l ug/L level are
too high for Cd and Pb. The very low levels of these elements
in natural waters suggests the need for analytical detection
limits 100—1000 fold lower, in the range 0.001—0.0l ug/L.
Data obtained in this work suggest that dissolved levels
of trace elements are fairly invariable with watershed and
suspended sediment load. Several results, however, deviate
substantially from medians. Whether these are non-represen-
tative, aberrant values or represent real behaviour of the
systems cannot be conclusively assessed. This interesting
question could be answered through more careful studies.
Much effort has gone into defining, choosing and characteri—
zing these representative agricultural watersheds, setting




























































































































































































































































































































































































































































































































































and extractability with selective reagents. Such important
basic information on partition of trace elements in these
"unpolluted" streams can serve as a basis for comparison with
levels and behavior of trace elements in other "unpolluted"
natural waters and in water courses contaminated by trace
elements from anthropogenic and natural sources. Further
study of gross and detailed partition would shed light on
the enrichment phenomenon uncovered for Cu and ascertain
whether a similar situation exists for Zn, Cd and Pb. (Specia—
tion in solution where the metal can be present as hydrated
ions, complexes with inorganic or organic ligands, and adsorbed
on or occluded in inorganic and organic colloids, is another
consideration too complex, however, to envisage within the
present context, but important for complete understanding of
the sources, fate, and behavior of metals in the environment).
DEGREE TO WHICH PROJECT OBJECTIVES WERE MET
The main objective of this study was to obtain reliable
analytical.information regarding concentrations of Cu, Zn,
Cd and Pb in waters and suspended sediments from six agricul—
tural watersheds,
in support of project 9 goals related
to
assessing relationships between concentrations of these


























































































































































































































































































































































































































































































































































































































































































































































































































































aRefer to Appendix II for detailed information.
truly unpolluted.
A11 waters may not be
bRefer to Table 9 for details; 11—21 samples of 6 watersheds.
cAnalyses of typically 0.45 um—filtered water samples.
means reported in literature; medians estimated by this author from
Data based on Ea >1690 samples from >131 waters.
dData of Chan! 1977.
Medians or
 RELATIONSHIP OF PROJECT RESULTS TO PLUARG OBJECTIVES
The objective of this study was to determine concentra—
tions of Cu, Zn, Cd and Pb in waters and suspended sediments
from six detailed study watersheds with the aim of assessing
relationships of these heavy metalsamong stream components
and elucidating storage and transport mechanisms.
Reliable estimates of trace element levels in stream
components were provided.
Comparison of results from this study with literature
information on levels of trace elements in other natural waters
suggested no gross effects of agricultural practices on trace
element levels in streams.
Conclusions regarding partition between dissolved and
suspended phases and mechanisms of transport of Cu and Zn
were formulated. Some conclusions regarding the physical and/
or chemical characteristics of the suSpended sediment as a
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 parameters were adjusted prior to measurements in each set,
but once adjusted, remained unaltered for all measurements
within the set.
The fact that solutions RBA and AA are different (both
are 1.6 M with respect to HN03 but the latter contains a
heavy salt matrix) can account for the different trace
element levels measured, by virtue of contamination (reflected
in positive concentrations) and instrumental measurement
system biases (positive or negative concentrations). Consi—
deration of the latter suggested that blank measurements on
AA rather than on RBA would be the more appropriate to use in
calculations of trace element concentrations in samples, as
solution AA more closely approximated sample matrices. These
blank considerations are in addition, of course, to processing
reagent blanks obtained by taking reagents, devoid of sample
through the entire analytical procedure. Solution AA would
have provided an excellent reagent blank if it contained no
extraneous trace elements; having been prepared from reagent
grade but notultra-pure salts, this could not be assured.
In fact, without a solution prepared from pure salts to serve
as a matrix reference, contamination levels of Zn, Cd and Pb
in solution AA could not be measured with certainty (cf the
negative values for Zn, and Cd, and the positive and negative
values for Pb); an estimate, however, of ca 56 ug/L could be
made for Cu, the only element to give consistent, positive
concentration data. Solution RBA thus served as the reagent
blank for Cu and Zn, but it was decided to use AA in conjunc-
tion with Cd and Pb analyses, the assumption being that Cd









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Cu and Zn of 0.5—0.8, and 0.2 ug/47 mm diameter filter respec-
tively estimated from those reported for Millipore filters by
Robertson (1968, 1972), the filter would be the source of
50-60% and 10% of the Cu and Zn respectively in the analytical
sample.
All of theSe problems were obviated by the use of poly—
carbonate, Nuclepore membrane filters (N 040, 0.4 um, 47 mm
diameter) for filtration experiments in the author's laboratory.
These filters have a smaller weight and variability (mean weight
and standard deviation of 11 different filters from one box =
15.93 i 0.15 m9), a greater tensile strength and lower trace
element content. Sediment and residues could be weighed
reliably in amounts in the milligram range and could be easily,
conveniently, and semi—quantitatively removed from the membrane
filters, permitting digestion of the sample alone.
With these filters, the detection limit for determination
of solids by filtration, based on 3x the standard deviation
of the weights of blank filters, was 0.5 mg. Performance
characteristics are detailed in Table 17; they pertain to actual
analyses of real samples and reflect uncertainties from both
the analytical procedure (filtration, drying, weighing) and
subsampling. These figures of merit apply to measurements in
the author's laboratory and were associated with the few deter—
minations of suspended sediment and all residue concentration
data obtained in this laboratory and reported in Table 4.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 (7) Performance studies of analytical methodologies using
reference samples, EPA Trace Metals Quality Control Samples,
and USGS rocks.
(8) Testing of acids used for field-preservation of water
samples.
(9) Systematic and frequent determinations of appropriate
reagent blanks under conditionsof analysis of water and solid
samples.
(10) Participation in PLUARG—sponsored round robin studies
for trace metals in water.
(ll) Conduction of laboratory experiments with deionized
water and natural waters to estimate adsorption/contamination.









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































all preserved with HNOg, were included in each round robin.
Levels of Cu, Zn, Cd and Pb in the six non—blank samples were
stated by the initiating laboratory to be in the ranges 80-
1000, 360-1300, 30—250 and 200—1000 ug/L respectively. Com-
pared to median levels of dissolved Cu, Zn, Cd and Pb reported
in this project, these concentrations are 40—500, 120-430,
430—3570, and 2000—10000 times higher respectively. The
levels were in fact sufficiently high to permit direct FAAS
analysis without preconcentration; also, the HNOg concentra-
tion of 10% (lOOx the concentration expected in preserved
natural water samples) was too high to permit application of
our heat concentration procedure. Hence, although our FAAS
method performed well in these tests, the fact that the sam—
ples did not approximate natural waters again precludes
estimation of performance in respect of natural waters.
The importance of procedures covered by items 2, 4 and
9 is obvious. Duplicate collections and analyses permitted
computation of precision and increased the precision of
means. Reagent blanks were averaged over many analysesbefore
subtraction from sample data to increase precision. Items
1, 8, 11 and 12 are discussed.in subsequent sections. In
the absence of certified natural water reference samples, the
most important quality assurance step (12) was the generation
of analytical informationby independently different methodo-
logies.
INTERCOMPARISON OF DATA OBTAINED BY DIFFERENT METHODOLOGIES
The primary objective of independent analyses of water
subsamples, by the three cooperating laboratories using dif—
ferent analytical procedures was to arrive at improved esti—
mates of trace metal concentrations. Performance characteris-
tics of the methods used and intercomparison.of results are
presented in this section. In the following discussion, this
author is responsible for management and interpretation of

















































































































































































Dr. Stoeppler reported impressive detection limits by DPASV/
MFE of 0.0001
and 0.0002 ug/L for Cd and Pb respectively in
standard solutions.
Method precisions are detailed in Table 22. These were
provided by the cooperating laboratories or calculated by this
author from duplicate analytical data or detection limits
reported. Standard errors, ts//H, for 95% confidence limits
are reported for Dr. Berman's method, whereas standard devia—
tions are associated with the remaining methods; standard
deviations (or errors) used to calculate precision of data
presented in this report are indicated. An overview of the
performance of the five methods with EPA trace metal solutions
is depicted in Figure 23. The five different symbols refer
to the five analytical methods but are not identified as data
from three laboratories are based on only one subsample of each
of the three EPA solutions prepared by this author. Moreover,
it would be unfair to make strict comparisons among the methods
as these reference solutions were analyzed on a "routine" basis
by three of the laboratories, but more exhaustively by the ori-
ginating laboratory. With several exceptions, overall agree—
ment with EPA-reported values is reasonable.
Intercomparisons of data from the different methods,
for unfiltered and filtered natural and distilled water sub-
samples are presented in Figures 24—28. Dissolved or dissol—
























are related to lines of unit slope to gauge relative perfore











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 With reference to Pb in the higher concentration regions
depicted in Figure 27, the few data available for unfiltered
natural and distilled water suggest excellent agreement among
the DPASV/HMDE or MFE, Evap/FAAS and CRA/AAS methodologies,
whereas results from HGA/AAS analyses exhibited a positive
bias compared to the CRA/AAS procedure. At low Pb concentra-
tions, results on unfiltered natural waters obtained by
DPASV/HMDE or MFE, HGA/AAS and Evap/FAAS are clearly larger
than those resulting from application of the CRA/AAS method
(Fig. 28). Agreement for distilled water samples, however,
seems superior, but only meagre data exists. With respect to
CRA/AAS, the divergence of the other three methods is similar.
As sample treatment (15 hr evaporation) was an integral opera-
tion in the Evap/FAAS method, the positive bias might easily
be explained. That very similar biases occur for methods
without sample processing is surprising.









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 All solutions were analyzed for Cu, Zn, Cd and Pb by Evap/FAAS;
results are presented in Table 25. As trace element levels
in the filtrates seemed to vary neither with filter type nor
filter cleaning, concentrations were averaged over all condi—
tions, and means, (22—24 samples from 11—12 filters) with
rejection of three high values (out of 96 analyses) of 18.36
and 0.80 ug/L (original filtrate basis) for Zn, and 16.2 ug/L
for Pb, are listed in the Table. Results for filtered deion-
ized water as well as for the unfiltered deionized water con—
trol samples were all below the limits of detection, indicating
undectable contamination from the filters. Mean values for
trace element levels in deionized water filtrates through all
filters, were taken as upper limits of corrections for the
laboratory—filtration procedure, and were applied to natural
water samples filtered through Nuclepore filters. These cor—
rections (Table 23), especially for Cu and Zn of 0.0:0.2 and
0.17i0.l2 ug/L (mean i standard deviation) respectively, are






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Actual analyses of one lot each of HN03 and HCl used in
the field, were conducted for the four trace elements. Samples
of acids were dispensed by sampling personnel according the
usual method employed for sample preservation, into defined
volumes of deionized water in LPE bottles provided by the
author, and were shipped to the CBRI laboratory for analysis
by Evap/FAAS. Deionized water from this laboratory, rather
than distilled water from Guelph facilities was used to pre—
vent masking of acid trace element levels by contamination in
the latter. Possible contributions of these acids, via their
use as preservatives, to Cu, Zn, Cd and Pb contents of natural
waters, were estimated to be 0.09, 0.005, 0.016 and - ug/L
respectively for HN03, and 0.14, 0.08, 0 and 0.13 ug/L respec-
tively for HCl. Because analyses wereonly by Evap/FAAS
(insufficiently detective for Cd and Pb) and only meagre infor-
mation was gathered, no corrections for preserving acid conta—
mination were applied.
SAMPLE SOLUTION STABILITY
It was requested of collaborators that upon completion
of analysis of water samples, any solutions remaining be
returned, in the original containers, to the author's labo—
ratory for reanalysis. Comparison of this information with
analyses conducted by the author on his subsamples was expected
to be a check on sample stability. Subsamples were received
from two collaborators, and a number, especially those for
which Zn concentrations measured by the collaborators differed
from values obtained by the author on his subsamples, were
reanalyzed. Zn was chosendue to its high levels and analy-
tical detectivity, facilitating its determination in the small
volumes returned. The two sets of analyses for the three types




















F denote unfiltered or filtered respectively, A — D refer to





















water control Samples are denoted by codes including DW (AG1—






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































elements onto the membrane filters or other factors is unknown;
meagre information is available to differentiate the behaViour
Of the compositionally and structurally different Sartorious
and Nuclepore
filters.































The importance of accurate information and proposals for
future research along the lines pursued in this investigation
have been presented in the conclusions. Listed here are pOintsl















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Contamination of deionized water filtrates passing through
three different types of membrane filters, under laboratory
conditions,
proved below the limits of detection of the Evap/FAAS
method and minor for Cu and Zn.
Exactly how serious contamina-
tion is for Cd and Pb in relation to the very low levels in
natural waters, must be ascertained by the application of more
detective analytical techniques. Although no serious adsorption
of trace elements in natural waters by Nuclepore filters, seemed
to occur for Cu, Zn perhaps exhibits a problem; data in Figure
31 hint at a possible problem. Again, little can concretely.
be said concerning Cd and Pb. More tests of filtration of dis—
tilled and natural waters must be performed, solutions and
filters must be carefully analyzed for total, adsorbed and
leached trace elements, and mass balance studies must be under—
taken to get a grasp of the magnitude of the problem.
(7) Stability of natural water solutions from time of collec-
tion/preparation to analysis, and storage vessel suitability























(8) Successful application of the Evap/FAAS method for waters
and the acid digestion/FAAS method to solids therefrom, suggests
that application of these methods be continued to determination
of Cu, Zn and high levels of Cd and Pb in fresh natural waters.
Stability of flame spectrometry suggests incorporation of more
samples per calibration curve to increase throughput. Con—
tinuation of frequent determination of appropriate reagent
blanks, use of mean blanks in computations, and continued runs
with standard solution and synthetic natural water quality control
samples is indicated. It would be advantageous to use high
purity salts for preparation of synthetic natural water solutions,
to get exact measures of measurement system bias. Use of
computerized regression calculation would be an asset. Correc—
tion of non-atomic absorption was demonstrated to be imperative,
and simultaneous correction should be applied to solutions con—
taining low trace element concentrations and high salt matrices.
Causes of the large reagent blank biases for Pb and suspected
small biases for Cd should be sought and rectified; alignments
of hollow cathode lamps should be considered. Detection capa—
bility of the FAAS methods should be increased by improvement
in concentration and atomization, and reasons for deviation of
data for some USGS samples should be sought. Resort to diges—
tion of solids in teflon bombs followed by determination by
electrothermal atomization/AAS should make very small (less
than 1 mg) quantities of solids amenable to analysis (cf
Eggimann and Betzer, 1976). Application of more detective
methodologies would cut down on sample volume requirements and
make easier the task of sampling.
(9) As the collaboration in the project of other laboratories
bringing to bear on the task, independently different analytical
methodologies, constituted a very important factor towards the
generation of reliable data, this practice should be continued.
Performance of these methods in the analyses of EPA and/or
similar reference samples should be monitored throughout the
study. Subsamples should be circulated among the laboratories
to provide a check on laboratory performance with real samples,
subsampling and sample stability. Reference natural water
samples should be sought and incorporated into analysis protocols.
Screening of interlaboratory data by a more systematic procedure
in light of performance with circulated subsamplesand reference
solutions, should reduce errors in overall means.
The following literature references are pertinent to some
of the points discussed: Smith, 1973 a, b; King et a1, 1974;
Issaq & Zielinski, 1974; Struempler, 1973; Rattonetti, 1976;
Harrison et a1, 1976; Segar and Berberian, 1975; Riley, 1965;





































































Standard deviations were calculated from duplicate
determinations on unfiltered and filtered natural, synthetic natural
and deionized water samples and related solutions on 42 different days
over a 9 month period, with each result in the pair based on a diffe—
rent calibration curve.
Other experimental conditions are as described
in the text.
These precisions and detection limits refer solely to
the FAAS determination step and do not include variances from sample
treatment and other sources, and reflect the performance of the
determination step during the course of the PLUARG project.
bDetection limits are based on 3x standard deviations of low level
(0-20 Ug/L for Cu, Zn, Cd; 0—1000 pg/Lfor Pb) samples.
Table 14 Analytical Precision of the Evaporation-Flame
Atomic Absorption Spectrometric Methoda
Element Typical Concentration Standard Degrees
concentration range in deviation of
factor original sample ug/L freedom
UQ/L
Cu 20 and 50 0—1 0.263b 58
1-5 0.313 24
5-25 0.324b 15
25-150 1.09 b 9
1-25 0.317 39
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Concentration Standard Degrees Detection Limit
range deviation of (3x low level
mg/L mg/L freedom standard deviation)
mg/L
O—lO 0.67 17 2.0
10-120 1.9 13
120-500 9.1 7
aMI laboratory. Standard deviations were calculated from
duplicate determinations on identical and similar sub-
samples and therefore reflect uncertainties from both
the analytical procedure (filtration, drying, weighing)
and sub—sampling.
Table 18 Performance Characteristics of Acid Digestion —
Flame Atomic Absorption Spectrometry for Deter-
mining Total Trace Element Levels in Limited
Quantities of Suspended Sediments and Residues
Concentration Standard deviation, ug/g (degrees of freedom)b
range ug/g































































































































































































































































































































































































































































































































































































































































aSamples of unfiltered and








































































































































































































































a3X the standard deviations of low level (0-1 ug/L for Cu, Zn; 0-10 for Cd;
0-40 ug/L for Pb) samples based on standard deviations calculated from
duplicate analyses of unfiltered and filtered natural waters, reagent
blanks and other related solutions; 41-109 degrees of freedom for each
estimate.
bDetection limit for Cd depended on concentration factor; 0.4 ug/L for 20—
fold concentration, 0.1 ug/L for 50—fold concentration.
cPreliminary set of furnace—AAS data was generated by this method which was
not pushed to full capability; no detection limits were provided.
dDetection limits were provided by MS and are defined as 3X standard
deviation of analyses of real samples. Second set of furnace-AAS results
were obtained by this method.
eFirst set of electrochemical results was generated by thismethod;
detection limits are 3X standard deviation of analyses of real samples.
fSecond set of electrochemical data was obtained by this method. The
detection limits are 3X standard deviation of analyses of real samples;
MS reports that with standard solutions, detection limits are ug/L
(element): 0.002 (Cu), 0.0001 (Cd) and 0.0002 (Pb).
L
Q
Detection limits reported as 3X standard deviation of analytical blank
(the calculated intercept of the calibration curve). Converted to the
usual 2 or 3X standard deviation of replicate measurements, these values
would be lower by about a factor of 3. The practice of Dr. Berman is not
to report data below twice the detection limit i.e. 6X standard deViation
of blank as defined.
hDetection limits reported as 2X standard deviation of 10 or more blank










































































































































































































































c Calculated from detection
These standard deviations










































































































































































































































































aRefer to Table 24 for details
bStandard deviations






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































through acid—cleaned 0.4 um Nuclepore filters.
As only duplicate analyses were conducted, no standard deviations were
calculated; standard deviations, listed previously, for entire PLUARG project
Of 0.32, 0.31, 0.12 and 0.52 ug/L for Cu, Zn, Cd and Pb repectively may be
























































































































































































































































































































































































































































































































































































































































































































































































































































































aConcentrations were not corrected for filtration pro-
cedure contamination.
bSubsamples E and F were analyzed upon receipt from
laboratories of two collaborators; time interval
between the two sets of analyses was Ea 3—8 months.
CDirect analysis of unconcentrated sample solution
(mean of duplicate analyses). The remainder of data











































































Cu Zn Cd Pb














































































































120776 3.8 0.8 5.1 0.8 0.02 0.02 1.4 0.7
071076 2.2 0.7 10.5 3.5 0.12 0.02 1.2 0.7
Watershed AGS
310376 9.2 0.8 3.1 0.7 0.04 0.00 1.7 0.8
030676 2.8 0.8 6.1 0.8 0.03 0.02 0.3 0.9
150776 2.9 0.7 6.8 0.7 0.02 0.02 1.0 0.6
210776 3.4 0.8 10.6 3.4 0.06 0.02 1.8 0.7
250876 1.9 0.8 1.2~ 0.7 0.01 0.04 0.2 0.9
051076 2.0 0.7 0.9 0.7 0.02 0.02 0.2 0.9
250377—1 223 9 1160 11 11.4 0.06 305 10
250377-5 10.0 1.7 47.0 5.0 0.55 0.04 16.2 8.5
Watershed AGlO
300376 7.9 0.8 30.5 2.9 0.08 0.02 4.0 0.7
020676 3.4 0.8 16.6 3.6 0.04 0.02 2.1 0.7
140776 2.7 0.9 20.4 3.6 0.07 0.02 1.3 0.8
121076 3.4 0.7 18.1 2.9 0.07 0.02 2.1 0.7
Watershed AG13
290376 40.8 3.8 11.8 3.5 0.04 0.02 0.6 0.8
270776 2.8 0.8 2.7 0.7 0.03 0.02 0.9 0.7
041176 2.8 0.8 4.6 0.7 0.06 0.02 1.3 0.7
030377 36.4 7.1 121 9 3.66 0.04 39.1 8.5
a
These concentrations were determined on unfiltered water samples under
various conditions giving measures of dissolved-racid— or solvent—extractable
levels. They are neither dissolved nor total concentrations but intermediate
estimates. Refer to the text for discussion and to other tables for dissol-
ved, total and suspended sediment trace element concentrations.
Mean concentrations, i, reported here have been averaged over subsamples and
analytical methodologies. Refer to Table 35 and Appendix II for details.
~106-
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CONCENTRATION (SIMULTANEOUS NON-ATOMIC CORRECTION) [lg/L











































































































































































































































































rating laboratories, as functions of EPA—reported levels. The
lines represent slopes of unity.
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LEAD CONCENTRATION BY CRA/AASMIWII
Figure 28. Relationships between low~level lead concentrations in
unfiltered and filtered natural and distilled water samples mea-
sured by different analytical methods and values obtained by car—
bon rod atomization/AAS. ozunfiltered natural water; Ozfiltered
natural water; Azdistilled water. The lines represent unit
S ope.
-ll3-
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and rejection of obviously aberrant values);
it is,
however, sufficiently detailed to form a basis for calculation
of all information presented in this report.
The appendix
begins with a discussion of statistical treatments applied, and
ends with tables of detailed comparisons of results from this
study with those reported by other investigators of these water-
sheds and literature data for other "unpolluted" natural waters.
STATISTICAL ANALYSIS
 
A small number of obviously aberrant data was omitted by
inspection at the beginning of the task of data handling, and
is not reported. Data reported by all cooperating laboratories
were pooled over all field and laboratory subsamples for calcu—
lation of means and standard deviations. As far as possible,
individual results rather than laboratory means were used if
reported by the laboratories and additional few data were sub-
jectively rejected as suspected outliers based on inspection
and effects on standard deviations. Mean concentrations over
all subsamples and methods, X, and standard errors, s/Jn were
computed from the equations
X = Z ii/n (1)








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Table 48) = 6.13 i O.75(Table 41)
Standard errors reported in these Tables were computed from
S and S for populations of data from several laboratories
whether ghe mean concentration was for one or more laboratories.
Thus, the datum for Cd for AGlO 300376 (Table 40) is reported
as 0.600 i 0.039ug/L; this datum results from one method
(Evap/FAAS) and should be 0.60 i 0.12ug/L if reported on infor-
mation based on that method. The former value, however, was
used. At times, unreal standard errors of 0.000ug/L were




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UB . 1 0(2) 0.1









UC l 2 0.2 <0.2
00 1.0 0.2
U8 250377—1 1160 —
08 250377—5 47.0(2) 0.2
Watershed AGlO
UA 300376 37.9(2) 0.2
UB, 42.8 0.3 31.6(4) 2.2
UA 020676 20.1 0 3 13.1(4) 0.6
UA 140776 21.0 0.3 19.8(4) 1.1
UA 121076 24.3 0.3 19.2(4) 1.1
UB , - 21.6(2) 0.2
UC 25.0 0.3 6.8(4) 1.0
Watershed A613
UA 290376 12.8 0.3 12.9(4) 0.6
UB 8.5 0.3 .
UA 270776 2.8 0.2 2.5(4) _ 0.1
U8 2.8(2) 0.1
U0 3.5 0.2
UA 041176 5.9 0.3 6.4(4) 0.4
U8 5.6 0.3 0 4(4) 0.1





aRefer to footnote a to Table 31.







































































































































































































































































































































aRefer to footnote a to


























































































































































































































































































































































































































































































































































































































 Table 34 Concl'd
1 2A 2B 13A 3B 4
: i :
UA 210776 2.4 0.5 1.8(2) '1.720 0.8(4)0.1
UB <l.6
UC 3.3 0.5 1.980
UD 2.6 0.5




UA 051076 <l.6 <O,2(2) 0.130 <0.1
UB <l.6 _
UC 0.203 <0.1 <4.2
UB 250377—1 305 -
UB 250377—5 16(2) 0 4
Watershed AGlO
UA 300376 4.6(2)0.4
UB 6.3 0.5 3.9(3) 6.250 0.6(4)0.
UA 020676 <l.6 1.4(3) 5.120 0.3(4)0.
UB 3.920
UA 140776 <l.6 <0.2(2) 4.500 0.3(4)O <3.8
UB ‘ 2.210
UA 121076 <l.6 1.0(3) 4.480 0.4(4)0 <4.2
UB 3.0(2)0 4
UC <l.6 3.350 <0.l(4) <4.2


































aRefer to footnote a to Table 31.
bRefer to footnote b to table 31.
CRefer to footnote c to Table 31.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FB 2.0 0.3 2.3








FA 260376 19.7 0.3
FA 010676 3.5 0.3 4.1(2) 3.4 4.4(4)0.9 2.4
FB 3.6 0.3 2.3
FA 120776 2.4 0.3
FB 1.8 0.3 1
FA 071076 1.7 0.3 {
Watershed AGS
FA 310376 9.3 0.3 12.3(4)O.6 7.5(2) 12.5(4)0 8 g
FB 6.1 0.3 10.0(3)0.6 8.5(4)0.8 7.4 i
FA 030676 1.3 0.3 3.7(3) 5 4(4)0.9 3.4 1
FB 2.7 0.3 1.8 1
FA 250876 1.7 0.3 1.7(2) 2.0 2.5(4)0.9 2 7 1
FB 1.2
FA 051076 1.6 0 3 0.9(2) 0.4 2.4(4)0.9 1.9




PA PE 00376 23.5 0.3
FA/020276 1.3 0.3 2.4(2) 1.1 7.2(4)0-7 4-2 1
FB 3.0 3
FA 140775 <0.8 3.2(2) 1.9 9.6(4)0.8 3.5 1










































































































































































































































FA 120776 9.2 0.3
FB 3.6 0.2













































FA 250377-1 1.0(2) 0.1
FA 250377-5 5.4(2) 0.2
Watershed AGlO







































FB 1.0 0 2






FA 030377 4.3(2) 0.1































































































































































































































































































































































































































































































































































































































































































































































































































































































Concentrations of lead in natural water samples — detailed data











b to Table 31.
c to Table 31.





























































































































































































































(no. of field subsa































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































standard errors of selected data were estimated as follows: when one of the
two data was selected, its standard error was taken; when the mean of the two
data was used, the standard error reported is the larger of (i) the larger
standard error //2 or (ii) the standard deviation of the mean (estimated as
0.886 x the difference of the two results) //—. > indicates one datum for
the summation is missing; - indicates no concentration data are available for





































































































































































































































Total concentration t standard error, ug/La
Calculated from Calculated from Selected data
level in filtered rlevel in unfiltered








0.56 0.10 >0.l9 — 0.56 0.10
0.00 0.05 0.08 0.02 0.04 0.04
>0.09 >0.06 0.03 0.02 0.03 0.02
1.14 0.74 1.74 0.04 1.44 0.52
>0.01 >0.04 >0.10 - - —
— - >0.01 >0.03 - -
>0.01 >0.05 >0.01 >0.02 - -
>0.08 >0.05 0.07 0.02 0.07 0.02
>0.03 >0.03 0.29 0.02 0.29 0.02
- - >0.01 >0.03 - -
- — >0.02 >0.02 -
0.12 0.07 0.15 0.02 0.14 0.05
>0.02 >0.04 >0.04 - - -
— ~ >0.03 >0.02 - -
>0.00 >0.00 0.05 0.02 0.05 0.02
>0.00 >0.01 0.06 0.02 0.06 0.02
- - >0.01 >0.04 - -
— - >0.01 >0.02 - -
11.43 >1.9 15.42 >l.34 13.4 2.50
0.18 0.06 0.56 0.05 0.37 0.24
>O.57 >0.06 0.08 ' .0.03 0.08 0.03
- - 0.04 0.02 0.04 0.02
0.38 >0.07 >0.07 >0.02 0.4 >0.07
>0.02 >0.02 0.08 0.02 0.08 0.02
>0.00 >0.05 >0.04 >0.03 - -
- — 0.05 0.02 0.05 0.02
>0.05 >0.05 0.08 ‘0.02 0.08 0.02
3.01 0.69 I 3.66 0.04 3.34 0.49














































































































































































































 Table 45. Suspended sediment concentrations in natural water samples
Watershed Mean suspended sediment concentration(no.of determinations), mg/L
and
sampling date d Mean of
Aa Eb Cc D Ee selected values
_(Direct) (Direct) (By Diff.) (Direct) (By Diff.) 1 s//n (n)
Watershed AGl
290376 76(1) 65 71 2 8 (2)
260776 102(2)9 2569 11(1) 669 11 z 12 (1)
051176 99(1) 95(2) 68 70(1) 67 80 2 5 (5)
130377 740(1) 7402 10(1)
Watershed A63
050476 10 1o 1 12 (1)





15 1 7 (3)





329 z 8 (2)
I
010676 '
120776 36(4) 42 62 47 1 7









12 2 12 (1)
150776 19(2) 18 16(1) 12 16 1 6 (4)






















































030377 685(1) 685 1 10 (1)
(a) Direct determination by the author;
standard deviations are t 10 mg/l for









































































































































Concentrations of Cu, Zn, Cd and Pb in suspended sediments - detailed data
Sample codea
I
Concentration (no. of analyses) 2 standard error, B/Vﬁl ug/gb
Cu Zn cde Pb
Ac Bd Ac Bd Ac Ac Bd
2 z + 2
Watershed AGl
290376 (LC) 94.0(2) 2.7 280(2) 15 6.2(2) 1.0 36(2) 3













8051176 70.6(1) 3.9 240(1) 21 2.0(1) 1.4 67(1) 4
A130377 37.3(2) 2.7 290(2) 15 1 4(2) 1.0 34(2) 3
Watershed AG4






071076 (LC) 20.9(1) 3.9 25(1) 260(1) 21 20(1) 3.8(1) 1.4 74(1) 4 90(1)
Watershed AGS f f f V f
150776 (LC) 119f 240f 0.1f 64f
210776 (LC) 71 200 0.1 23
A250377-1 22.5(4) 1.9 150(4) 10 0.6(4) 0.1 21(4) 2
A250377—5' , 27.3(2) 2.2 170(2) 15 0.3(2) 0.1 28(2) 3
Watershed AGlO
A020676 -9 560(1)g 219 -9 100(1)g -
8020676 25(1) 50(1) 100(1)
140776 (LC) 90 (2)9 39 230(2)g 159 7.9(2)9 1.09 270(2)g -
121076 (LC) 30.0(1) 13.9 30(2) 230(1) 21 30(2) 0.2(1) 0.2 340(1) - 400(2)
A121076 60(1) 50(1) 80(1)
8121076 150(1) 55(1) 150(1)
Watershed AG13
A041176 90(1) 200(1) 200(1)
A030377 50.0(2) 217 ' 240(2) 15 3.8(2) 1.0 45(2) 3
aLC refers to suspended sediment provided by Dr. L. Whitby Costescu; the other 1976 samples were
provided by K. LaHay whereas 1977 samples were prepared in the author's laboratory. A and B
refer to the unfiltered A and B field-collected subsamples.
bConcentrations are expressed on a dry weight basis; values less than the detection limit are
included.
cAnalyses in the author's (M. Ihnat) laboratory of typically 5-30 mg samples using acid digestion-
flame atomic absorption spectrometry.
 
dAnalyses by D. 5. Russell and P. Tymchuk of 1—10 mg samples using optical emission spectrogra-
phy (OBS).
eBy OBS, Cd was below the detection limit (0.10 ug corresponding to 10-100 ug/g for 1-10 mg
samples) in all samples.
fValue provided by Dr. Costescu.
9Values are unreliable as only limited sample weights (31 mg) were available for analysis.
, -141—
 
 Table 47. Concentrations of Cu, Zn, Cd and Pb in residues — detailed dataa
Sample code Concentration (no. of analyses) 1 standard error, s//n, vg/gb
Cu Zn Cde Pb
Ac 3 Bd Ac + Bd Ac 3 Ac 1 Bd
Watershed AGl
8260776 3.9(2) 1.7 55(2) 5 0.0(2) 0.1 2(2) 3
D260776 3.5(2) 1.7 6 (2) 10(2) 5 10(2)9 0.0(2) 0.1 2(2) 3 50(2)
A051176 — 5 (l) - - 50(1)
5051176 0.0(1) 2.4 5 (2) 4(1) 7 0.0(1) 0.2 ’ 3(1) 4 80(2)
5130377 12.8(2) 1.7 110(2) 15 0.0(2) 0.1 5(2) 3
Watershed A63 f f f f /
5141076} 15 (2) 2 15(2) 5 0.0(2) 0.1 33(2) 3
Cl41076 '
Watershed AG4
3260376 7.4(1) 2 4 10 (2) 30(1) 7 10(2)g 0.0(1) 0.2 12(1) 4 60(2)
3071076 0.0(2) 1 7 11(2) 5 3.4(2) 1.0 7(2) 3
D071076 2.9(1) 2 4 0(1) 7 0.0(1) 0.2 35(1) 4
Watershed AGS
C150776 16.5(1) 2.4 300(1) 21 1.8(1) 1.4 16( ) 4
5210776 11.6(1) 2.4 15 (1) 60(1) 7 10(2)g 0.0(1) 0.2 2(1) 4 90(1)
_ D210776 - 12.5(2) — 10(2)g — - 150(2)
ﬂ B250377-l 16.9(2) 1.7 70(2) 5 0.3(2) 0.1 12(2) 3
3 8250377-5 8.9(2) 1.7 65(2) 5 0.1(2) 1 4(2) 3
Watershed AGlO
, A300376 11.0(2) 1.7 55(2) 5 0.0(2) 0.1 3(2) 3
ﬂ 8020676 0.0(1) 2.4 8(1) 7 0.0(1) 0.2 0(1) 4
‘ A140776 — 6 (1) - - 80(1)
8121076 6.1(1) 2.4 6 (2) 30(1) 7 0.2(1) 0.2 9(1) 4 70(2)
D121076 3.3(2) 1.7 30(2) 5 0.2(2) 0.1 3(1) 4
Watershed A613 f f
0270776 780 (l) - 1100(1) - 4 3(1) 0.2 6(1) 4
A04ll76 0.0(1) 2.4 0(1) 7 2 8(1) 0.2 15(1) 4
8041176 0.0(1) 2.4 70(1) 7 0.7(1) 0.2 0(1) 4
8030377 13.7(2) 1.7 130(2) 15 0 0(2) 0.1 5(2) 3
aResidue refers to solid material remaining after evaporation of acidified water sample to a
small volume. All data are for unfiltered water samples and therefore relate_to acid—leached
suspended sediment; values less than the detection limit are included. A, B, C, D in sample
codes refer to the unfiltered field-collected subsamples.
bConcentrations are expressed on a dry weight basis.
. cAnalyses in the author's (M. Ihnat) laboratory of typically 3-30 mg samples using acid
f digestion-flame atomic absorption spectrometry.
dAnalyses by D. S. Russell and P. Tymchuk of l-lO mg samples using optical emission spectro—
graphy (OES).
eBy OES, Cd was below the detection limit (0.10 ug, corresponding to 10-100 ug/g for 1-10 mg
samples) in all samples.
f . . .
Values are unreliable as only limited, sample weights @2 mg) were available for analysis.
























Cu, Zn, Cd and Pb in waters of agricultural


























































































































































































































































































































































































































































































































































































































































































































































































































































































































19.0, 32.5, 26.0 I
81.0
439





















These data are means of data including ﬂmse of project 9A reported here, and are
therefore not independent determinations in respect of project 9A data.
b
Whitby et a1. (1978).



















Several values reflect different.sampling times; no sampling times for


























































































































































































































































































































































aWhitby et a1. (1978); as Cu data reported by these authors are very
no comparisons are listed.
Concentrations of dissolved Cu, Zn, Cd and Pb in waters of agricultural
watersheds l, 3, 4, 5, 10 and 13; comparison of data.
































































































































































Table 52. Total concentrations of Cu and Zn in waters of agricultural
watersheds 1, 3, 4, 5, 10 and 13; comparison of data.
Watershed Concentration of the element : standard error, s//H, ug/L
and Cu Zn
sampling date
This worka OMEb This worka Project 9A° OMEb
Watershed AGl
290376 13.9: 3.3* 7 15.8: 4.9* 22.2 23
260776 4.8: 1.7 17.2: 4.9 25.5 -
051176 5.6: 2.0 - 8.0: 1.0 14.1 _
Watershed A63
050476 1.7: 0.7* 3 3.0: 0.7* 8.0 1
080676 2.3: 0.8* 3.4: 0.9* 4.2 4
190776 2.1: 0.8* 1.3: 1.0 16.2 _
141076 2.2: 0.7 - 4.3: 1.0 2.8 _
Watershed AG4
260376 37.5:10 7 — 58.2:19.4 45.9 _
010676 5.2: 0 8* — 2.0: 0.7* 4.8 _
120776 3.9: 2 6 - 7.2: 3.9 12.6 _
071076 2.3: 0 7 _ 10.6- 3.5 5 0 _
Watershed AGS
310376 9.2:,0.8* 2 3.1: 0.7* 9.2 16
030676 2.8: 0.8* ’ 6.1: 0.8* 4.1 _
150776 3 1: 0.7 “ 11.1: 1.1 9.7 _
210776 3.7: 0.8 ‘ 11.2: 3.5 12.4 _
051076 2.0: 0.7* <1 0.9: 0.7* 5.3 <1
Watershed AGlO
020676 3.2: 1.3 - 16.6: 3.6* 13.8 -
140776 2.9: 0.9 — 20.4: 3.6* 38.3 -
121076 3.9: 2 0 — 19.4: 3.0 25.3 —
Watershed A613
290376 40.8: 3.8* 2 11.8: 3.5* 20.0 6
270776 2.8: 0.8* 6 2.7: 0.7* 8.4 4
041176 2.8: 1.4 <1 5.0: 0.8 9.7 e
aWhere total concentration data are unavailable, dissolved + acid- or solvent-
extractable concentrations (denoted *) are included as estimates of total
concentrations.
bData from NAQUADAT listed as "Ontario Ministry of the Environment monitoring data and estimates".
Analysis by nitric acid digestion - atomic spectrometry; levels are not strictly total con—
centrations.
CWhitby et a1, 1978; Cu data reported by these authors being very high and
considered aberrant, are excluded.
-l47-
 









































































































































































































































































150776 0.05 i 0.02 0.2T 1.2 i 0.7 6.5 _
210776 0.06 t 0.02 0.1T 4.6 i 0.8* 4.9 _
051076 0.02 1 0.02 0.9 0.2 t 0.9 2.8 <2
Watershed AGlO
020676 0.04 i 0.02 0.1W 2.6 i 0.8 ‘ 4.5 -
140776 0.04 i >0.07 0.1W 8.1 i 6.1 10.6 _
121076 0.08 i 0.02 1.2 3.7 t 1.0 13.8 _
Watershed A613
, i *
290376 0.04 i 0.02 0.1W 0.6 i 0.8 5.6 <2
270776 0.05 t 0.02 1.3 0.9 i 0.8 2.6 4,7
041176 0.08 i 0.02 0.2 1.6 1 1.0 6.7 <2
3 I I I I ,
Where total concentration data are unavailable, dissolved + aCid- or solvent


























































































































































Comparison of total concentrations of Cu, Zn, Cd and Pb in waters of agricultural watersheds




Llement Range(n/m)C Mediand Range(n/m)C Median Watera Reference
, or mean
Cu 2.2-445(l7/6) 3.9 22.6 2-68(l46/l) s A Gaynor 1977f
<l-230(878/6) 5 A omrg
<1-150(—/30) 3 0- Fisheries_& Environment Can. 1977h
1-33.0(44/1) 4.7 0 Chan 1977l .
2.0:1.e o Poldoski et al 19763
4.5-9.6(g12/2) 6.9 0 Philips et a1 1975k
15 0 Chawla and Chan 1969
0.4-5.0(168/170) 1.2 0 Bradford et a1 1968“
(439/—) 1.16 O Turekian E Kleinkopf 1956n
4.3—2500(15/6> 17.2 :4.9 2-200(146/l) 12 A Gaynor 1977f
<l—820(882/6) 5.5 A ourg
~1—620(—/27) <10 0 Fisheries.& Environment Can. 1977h
4—18.0 (45/1) 7.8 0 Chan 1977 l
8 O Chawla and Chan 1969
0.3-100(168/l70) 1.5 0 Bradford et a1 1968m
o.o3-13.4(17/6) 0.08:0.02 (-/1) <0.6 A Gaynor 1977f
(123/6) <1 or <10 A OMEg h
<l—6(—/25) <1 0 Fisheries.& Environment Can. 1977
<1—2.0(40/1) 1.0 0 Chan 19771 k
0.3-0.8(312/2) <o.5 0 Phillips et al 1975
0.02-0.15(10/3) 0.045 0 Doolan and Smythe 1973°
0.9—433(19/6) 3.7 21.0 <11 A Gaynor 1977f
<1—76(902/6) <2 A 0MBg h
<l—200(—/30) <1 0 Fisheries.& Environment Can. 1977
<1—7.0(45/1) 0.8 0 Chan 19771 .
N o.7:o.s o Poldoski et a1 19763k
3.5—29.4(>12/2) 5.4 0 Phillips et a1 1975
0.015 0 Hirao and Patterson 1974p
4 o Chawla and Chan 1969l
0.3-4(168/170) 0.5 0 Bradford et a1 l968m n
(439/-) 0.26 O Turekian and KleinkopfleSS
aA-PLUARG agricultural watershed; O-other natural water. All waters may not be truly unpolluted.
bAll levels reported in the literature may not, strictly speaking, be total concentrations; some
may reflect extractable concentrations. Ranges were either reported or estimated by this author,
from the data reported.
Cn is the total no. of samples (or observations) from one or more sampling locations on m different
bodies of water; — indicates unknown quantity.
dRefer to footnote to Table 9 for details.
eReported in the literature or estimated by this author. Median (or median of medians) of data
reported by Gaynor, OME, Fisheries & Environment Canada, Bradford et al; means reported by the
other authors.
fFive sites in A613 were sampled between 11/04/75 and 10/03/76.
9Based on 22 100-200 samplings of each of the six watersheds l, 3, 4, 5, 10 and 13 between 23
11/09/74 and 31/05/77 at the gauging stations near the outlet sites.
hDifferent rivers throughout Canada sampled in 1960-1975.
11974 survey of the Niagara river.
JNear—shore waters from Lakes Huron and Superior and waters from several incoming streams sampled
in 1975.
kTwo rivers passing through industrialized suburbs of Melbourne, Australia were sampled in 1974.
1Lake Erie sampled in 1967.
mHigh Sierra Lakes in California sampled in 1965.
nStream and Lake waters from Maine
oThree rivers in New South Wales, Australia sampled in 1972.























Table55 Comparison of concentrations of dissolved Cu, Zn, Cd and Pb in waters of agricultural
watersheds l, 3, 4, 5, 10 and 13 with literaturedata for other "unpolluted" fresh
surface natural waters — detailed dataa.
Concentration, ug/L
This work Literature
Range(n/m)b MedianC Range(n/m)b Median
Element or meand Reference
Cu O.S—l8.5(21/6) 2.0 11.8 l-3.0(60/l) 1.6 Chan 1977e f
0.3-3 Florence & Batley 1977
0.20—2.91 Nurnberg et al 19769
10—50(30/—) Wahlgren et al 1971b
4.9, 9.3(-/1) Wahlgren et a1 19711
1—280(~1600/m130) 15 Kopp 19703
o.72-27.5(45/1) 2.24 Silker 1964 l
0.83-105(957/15) 5.3 Durum & Haffty 1960, 1963
Zn 0.1—11.4(17/6) 3.1 12.7 <l.0—8.0(55/l) 3.5- Chan 19776 f
2—10 Florence 5 Batley 1277
6.2—600(30/—) Wahlgren et al 1971
2-1183(~1600/~130) 64 Kopp 19703
2.4—37.6(40/1) 14.4 Silker 1964
V o—215(§59/15) 0 Durum & Haffty, 1960, 19631
Cd 0.00—0.57(13/6) 0.07:0.06 <l—12.0(60/l) 0.2 Chan 1977e f
0.1-0.5 Florence & Batley 1977
0.004—0.082 Nﬁrnberg et a1 19769
o—4.7(30/-) . Wahlgren et al 1971h
1—120(~1600/~130) 9.5 Kopp 19703
Pb 0.0—13.1(11/6) 0.1 20.2 <l—l.0(60/l) 0.2 Chan 19778 f
0.2—2 Florence & Batley 1977
0.058-0.236 Nﬁrnberg et al 19769
O.l-6.2(30/—) Wahlgren et al 1971h
2-140(w1600/w130) 23 Kopp 19703 1
0-55(359/15) 4.0 Durum & Haffty, 1960, 1963
aAnalyses of typically 0.45pm filtered water samples gave "dissolved" concentrations; all waters
may not be truly unpolluted.
DRefer to footnotes to Table 53 for details.
cRefer to footnotes to Table 9 for details.
aReported in the literature orestimated by this author. Median of data reported by Silker, and
Durum and haffty; means reported by Chan and Kopp.
91974 survey of the Niagara river.
F .
‘Ranges of levels in many "unpolluted" fresh water rivers throughout the world were obtained
by tnese authors from Phillips et al 1975, Spencer et al 1970, and T.M. Florence (unpublished
results on Northern Territory rivers, Australia); data reported by Spencer et al, seem to refer
to the oceans.
gWeser river and Lake Constance.
ﬁTributaries to Lake Michigan.
+Two sites in Lake Michigan.
3Sampling of US surface waters 1958-1969.
kColumbia river (Washington, USA) sampled in 1962.
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